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3.1 of Unit 

3.2 Issues with Present Row 

4.1 and 

4.2 Materials 

4.3 Part 

4.4 Erosion Shields 
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4.10 of Parts 

4.11 and Coordination 
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and all attachment hardware 

buckets with all 
---~-----------'----~ -

for bucket removal 
-------~--

nozzles and rnrnn"n 

Prices in 
Dollars 

$ 
$ 
$ 
$ 
$ 

----------~I-----+----~~---~ 

First four modes of vibration maintain 10-hertz from resonance. 
'-~-~~-----I--

If no to any of the state ov,'onTlnr1Cl 

18 
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,----_.,--_.------._._--_ .. _-----_ .. __ .. _-_._-------,--------------_.-.- ..... _------------_._-_ ... -

AND DOCUMENTATION 

of unit and removal of L-O row 
~----+----+------ ........ :, .......................... . 

m. of disk for new row 

n. 1------+ .-.. -----------------------------------------·--,f---H----·.---- . __________ . _____________ 'c ______ . __ .. ___ .... :_ .. __ ... _. 

~----1--<:l0!:.-_~n.s>el3c:tu~n. o!_n~~..':o_w ________________________ .__t_-+I--------.--''------.-____ -'-_ ... _____ . ____ ._ 

-"''''''''''U balance of new row and 1------1t-L----:----.... --

documentation should be attached to Part 2 as 
~---~~-~----,--... ----------------------- .. -................................. -=-----------_._-----

;::'UbJIJ"''''' will nar'tnro"" 

the disk 
the new row 

balance the rotor with the new row 
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shields shall contain no residual stress and preserve the shape of the airfoil. 

If brazed, the filler strip shall not exceed 0.002" to 0.004" in thickness. 

Resonant of fundamental modes are not to occur at the end of the shield. 

Erosion shields are to be tested for proper fusion. 
~~-----+-----+----f----------------------------------------------------------'---------------~ 

5 Shot is to be where.) 
!--~-----+-----+----f------------------------. 

Final finish of all root fillet radii will achieve a 64-microinch surface or better. 

Final finish of airfoil surfaces will achieve 70-80 microinches or better. 

6 Radial alignment and pitch are to be checked and shown to be within allowable 

7 
+---j----j 

8 

9 

is to be checked and shown to be within the criteria set 

nA.Tnrmj!!,n in a or from another site. 

10 and chartered for installation to minimize out-of-balance forces. 

~+ _____ +-___ +_1_1-+_provide a part number listing and other information required to ordered supplied parts. 

12 Provide drawings necessary to support field installation of the row. 

1"1""" ninn and 

13 

14 

15 

16 
with slow-speed ounce-inch unbalance at each 

1 



EPRI Licensed Material 



1. 

2. 

Turbine Bucket 

1.1 

1.2 
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1.5 Docum entation 
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2.2 Torsional Resonance 

2.3 Lovv->:)oet30 Balance and Field 

2.4 On-Site Balance and Vibration 

2.5 
2.6 Docum entation 
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1. Breakdown 

2. Warranties and Penalties 

3. Milestones for Manufacture and 

4. and I.JU\Jt:::;J 

5. 

6. 

7. 
8. 

9. 

10. Performance 

Blades 

Attachment 1 

Attachment 2 

Attachment 3 

Attachment 4 

Attachment 5 

Attachment 6 

7 

Attachment 8 

Attachment 9 

Attachment 10 
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Date Process Milestone 

1. Issue 

2. Deadline for response to 

3. of manufacturer 

4. Letter of to manufacturer 

5. of technical review 

6. or contract 

contact ,,, .. ' • .u,,.,,'u contact are as 

Technical 

Name: ______________ _ Name: ______________ _ 

Phone: ______________ _ Phone: ______________ _ 

Fax: ______________ _ Fax: ______________ _ 
E-mail: ______________ _ E-mail: ___________ _ 
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3 start-

4 flow 

5 Main steam 

6 Main steam 

7 Reheat steam pressure 

8 Reheat steam 

9 Exhaust 

10 heat rate 

11 

12 pressure, 

13 treatment 

steam 

is U.LI;L...,lJ,...,U. 
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aDlnolrm;aI or YH.UH.H'-' stresses at 
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A275M-98 

ASTM A276-
OOa 

ASTM A314-97 

A370-
97a 

Standard Test Method for 1"''''nn<~TI'' Particle of 

sn'=>t'ITlt'",'''nn for Bars and 

-':n,,,,,,tl,,,,,1tlnn for Stainless Billets and Bars for 

Test Methods and Definitions for lUI ... '''''.''" of Steel Products 

A418-99 Standard Test Method for Ultrasonic Examination of Turbine and Generator 
Steel 

A470-01 and for 

A472-98 of Rotor Shafts and 

A473-01 

ASTM for Stainless Steel 

ASTM sn'''t'ITlt''''lrlnn for Bars 

A751-96 notlh,...rl", I-'r",,,tlt''''''' and In ... ",,,,,,, for of 

A768-95 for Vacuum-Treated 12% 
for Turbine Rotors and 

Heat 

Method of Microetch Blooms and 

or 

measures to ensure 
meet 

1 
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5. 

5.1 

Table A-1 
Material and Mechanical ...... ,,_ .... - the 

0.28-30 

0.05-0.10 

0.20-0.40 

0.12 max 
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Table A~2 
Rotor Fnl'nirln Documentation 

(j) 
(,,) 
c: 
~ 
(j) 

(jj 
0: 

nrnn",rl\l tes 

of the rotor with rim loads 

lesil/S1teeole stresses 

documented UT results 

items 
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x 
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x 

x 

X 

X 

X 

X 

X 

X 
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6. 

Table A-3 
Material for Rnt .. tii" ... BUlckE~tsJ'Blcldels 

ACCel)table Material 

Jethete M-152 

Pins 

Tie Wires 
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Table 
Allowable Nominal 

"'TI',"'c;c; Location 

Blade 

Wheel 

Notch 
Piece 

and Tenons 

EPRI Licensed Material 

"'!:lIT.,.T" Factors 

rim 

Tenon shear -

Tenon shear all others 

Turbine Bucket 

Factor 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

3.0 

2.0 

1.8 

1.8 

1.8 

1.8 

2.0 

2.0 

2.0 

1.8 

2.0 

6.0 

3.0 

2.5 

1.25 

1.25 

2.5 

2.5 
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A·5 
Rotor Documentation 

Docum entation 

6.1.2 

6.1.7 

6.1.9 

6.2.1 11"':::I1nnrl<:! of materials 

6.2.2 ""-,t",,,., brush seals 

6.3.2 NDE 

x 

charts for each row x 

x 

x 

x 
6.4.5 x 
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c 
0 

Documentation 0 'iii 0 
'0 - U ...... .... t-';:: .... ro o..c 0 
3: ·c ro 'c « Il.LL Il. 

7.1.1 

7.1.3 x 

7.1.4 x 
7.1.5 x 
7.1.8 x 

x 

x 

of methods other than fabrication x 

x 

x 

x 
x 

Pitch and throat measurements for each row x 

area x 

x 

x 

x 
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Table A-7 
and 

Documentation 

x 

8.2.1 x 

x 

x 

x 

Turbine Bucket 
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as 
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or concerns 

Location 

For Rotors with 

Location 

For Rotors with a Critical 

Location 3600 rpm 

2.0 mils oe<iK-IJeaIK 

For Rotors with 

Location 

1.0 mils ne,3K-IOel'IK 

2.0 mils u<>.,m,-,,,<>clI' 

1 1 
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Table 
Minimum fi .... ·"' ... 't"" for Unit Absolute 

For 3600 rpm Vibration 

Location Vibration At 3600 At 3600 rpm 

Journals 3-4 mils 2-3 mils 5-6 mils 3-4 mils 

2 mils 1 mil 2 mils 1.5 mils 

4-5 mils 3-6 mils 5-6 mils 3-6 mils 

4-5 mils 3-5 mils 5-6 mils 3-5 mils 

Horizontal Vibration 

At 1800 

3-5 mils 

2 mils 1.5 mils 

5-6 mils 5-7 mils 

5-6 mils 4-6 mils 5-7 mils 

1 
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Table A-10 
inrlm .... nt and 

9.1.1 

9.1.2 

9.2.1 

9.2.2 

9.3.4 

9.3.5 

9.4.7 

9.5.6 

9.6.3 and 

Documentation 

X 

X 

to resolve 
after the rotor is installed 

X 

X 

X 

X 
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"Ou 
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Table A-11 
Documentation 

Q) t5 t: 
0 rei .Q 
t: 

Documentation E ~ Q) 
'- 0-Q) o g -Q) 

~8 II: 

10.1.1 X 

10.1.2 to X 

10.2.1 X 

10.2.2 X 

10.4.2 of the calculated test results X 
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1.1.1 

1.1.2 

1.1.3 

1.1.4 

1.1.5 

1.1.6 

1.1.7 

1.2.1 

1.2.2 $ 
1.2.3 $ ::2: 
1.2.4 » 

:D 
a. :D » z 

-I 
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(/) -at 
(1) 

3 
(1) 

::l 
~ 
III 
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:J"" 
(1) 
c.. -0 -:J"" 
(1) 

c-
o.: 

1.4.7 Scheduled meetin s are to be held at the lant to review ro ress on all ma·or items. 

1.4.8 Visits to the su lier's facilities shall be scheduled to witness milestones. 
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AND DELIVERY 

1 Placement of order 

2 Selection and testin 

3 Manufacture and 

14 

15 Pre aration of sections for new .nt"w/,,,t,,,tin'-''''''H 

16 Installation of new rotors and station a 

Final ins ection of new rotors 

nment of unit 

of new rotors 



JJ 

0 ~ 
;>;" CD ::::;; ::::; 

0 
(I) 

3. 

Reference: 3. General 
Reference: 

Reference: Section 3 

The rotors are to be 

etc. 

subcontractors or vendors. 

Standard Test Method for Magnetic Particle Examination of Steel Forgings. 

Standard Specification for Stainless Steel Bars and Shapes 

Standard Specification for Stainless Steel Billets and Bars for 

Standard Test Methods and Definitions for Mechanical Testing of Steel Products 

Standard Test Method for Ultrasonic Examination of Turbine and Generator Steel Forgings 

Standard C;:n.~"iti"",!'inn for Vacuum-Treated Carbon and Alloy Steell=nrninl'" for Turbine Rotors and Shafts 

Standard Test Method for Heat of Steam Turbine Rotor Shafts and Rotor !'OnIFnir.n" 

Standard C;:n.~,..iti"",!'inn for Stainless Steel I=nr,ninr", 

Standard Specification for General Requirements for Stainless Steel Bars, Billets, and Forgings 

Standard Specification for Free-Machining Stainless Steel Bars 

Standard Test Methods, Practices, and T""Fmilnni, ... "" for Chemical Analysis of Steel Products 

Standard Specification for Vacuum-Treated 12% Chromium Allow Steel for Turbine Rotors and Shafts 

Standard Test method for Chemical Analysis of Stainless, Heat Resisting, Maraging, and Other Similar Chromium
Nickel-Iron Alloys 

en -el-
CD 
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Reference: Section 5. Technical Crieria - Rotor Fnrniinn 

and Loads 

is to be in accordance with ASTM A470 Class 6 standards. 

5.2.1 

5.2.2 

5.2.3 

5.2.4 lied. 

bore the results are to be rovided to show that cluster indications meet the standards as 

Reference: Section 5.4 Non-Conformance 

5.4.1 A rotor that exceeds standards/criteria because of NC shall be sera ed. 

5.4.2 The lant shall be advised of and a rove an NC-related issues that can be corrected. 

5.4.3 The supplier shall provide a detailed record of any NCR issues approved and implemented. 
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Reference: Section 6. Technical Criteria Rotatina Buckets/Blades 

and Loads 

Use the table on the next Daae. 

6.4.4 IThe plant shall be advised of and approve any NC-related issues that can be corrected. 

6.4.5 IThe supplier shall provide a detailed record of any NCR issues approved and implemented. 
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ATTACHMENT 6: CHECKLIST OF TECHNICAL CRITERIA Pag 2 of 2 

the folioliVin checklist. 
Attach it to the bid. 

i i J Lr. ~ 'C\JI I 
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i I ! ' ' 

Blade C'? I 
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1 I i i 
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i I 
! 

I 

~ 
i I i 

1 
1 , 

9 c: :i: ~ ....J 1 ....J 

, I i 

~ I I i i i I, 

a~ Blade 
Materials 

:~ 
I~ 
I Total 

.~ Blades in 

l; Row 

Blades 

ci:i 

~ Root 

c 
G) 
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Reference: Section 7. Technical Criteria ~t:::lltinnRI'V r.nmnnnll'!nt~ 

orted. 

lied. 

lied. 

rofiles. 

Criteria Associated with Stationary Parts Are Continued on the Next Page 
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Reference: 

7.4.2 IThe 

7.4.3 

Reference: Section 7. Technical Criteria Stl'ltinnl'll'U 

Ie, cracks, dents, missing metal, or corrosion. 

itch and throat measurements. 

n. 

rd 8 threads per inch, no metric threads allowed. 

7.4 Non-Conformance 

d standards/criteria because of NC shall be scrapped. 
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Reference: Section 8. ShiDDino. Coordination 

Reference: Section 8.2 Coordination n·,,· .. • ...... s. and Tools 

and ::>uppor 
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Reference: Section 9. 1m;lpE!ction and Balanci 

Criteria Associated with Inspection, Alignment, and Balancing Are Continued on the Next Page. 
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Reference: Section 9. and 

stem Balance and Vibration Criteria 

ina/. 
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Reference: Section 10. Performance 

lacement. Provide the test results. 

10.2.4 

10.2.5 

Reference: Section 10.3 Test Setu 

10.3.1 eriorm tests. 

ecified. 

measurements are to be made at the locations s ecifed. 

erate one hour before and after data are taken. 

lant. 

10.4.6 
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Steam Turbine Blade/Bucket Procurement Guidelines 

a 

Analysis of Blade-Disc Frequencies 

NPF Margin for Critical Modes 

< 0.5% Strain > 0.5% Strain <5% < 10Hz > 10Hz 

< 50% Yield 

< 15,000 (REJECT) 

Wet 
> 50% Yield 

(> 

Meets Acceptance Criteria 

1-1 
Audit Procedures and Recommended n ... ''' ..... 1t'''.~ .... Criteria 

I 1 



1. 

2. 

EPRl Licensed Material 

1-2 

HP Bucket 
Tenon (Rivet) 

Cover (Shroud) 

--- Vane (Airfoil) 

Platform 

IP (Reheat) Bucket 

Blade/Bucket Nomenclature Identification 

Steam Turbine Blade/Bucket Procurement Guidelines 

to a 

LP Bucket (Blades) 

1 
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3. 

4. etc. to 3 "U'JUIU 

5. to 

6. 

7. 

8. on 

1.1 

1.1.1 

• 

• 

• 

1 

1 



Ilsia 

1. 

1. 

2. 

1.1 1 

1 

2. 

3. 

4. 

1.1 

l. 

2. 

3. 

4. 

tenon 

EPRl Licensed Material 

Steam Turbine Blade/Bucket Procurement Guidelines 

tenon no or 

no or mdlentatl on 

tenon 

1 



Steam Turbine Blade/Bucket Procurement Guidelines 

1.1 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

1.1 

1. 

2. 

3. 

5. 

6. 

7. 

are 

a 

or to 

.ro,",v,,,,,,,,< ... measurements at no 

vane 

vane. 

to 

at 

measurements at 

an cover. 

to ensure 

to root to 

area "r'-U"'llrl 

treatment 

to 

I 1 
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1.1 

1. is to 
IS 

2. or 

3. 

1 

1 



l1lain 

Steam Turbine Blade/Bucket Procurement Guidelines 

1. 

or 1-1 to 

Table 1-1 
Record of Basic Dimensions from Salmples 

Number Samples Minimum 10 Samples To Be Measured 

f SY;:>''''"I Used: to 0.002" S".I\:;:.:;ifibu 

. Measurement System Used: Model and Type of Commercial SY"""'III-

Locations Sample Numbers 1 Throug" 10 
Total Blade Height 

Maximum Blade Width 
Filet at Blade Platform 

Cover Thickness 

Cover Width 
Cover Length 
Chamfer (Inner/Outer Edge) 

Tenon Width 
Tenon Length 

Tenon Height 
Tenon Fillet Radius 

Inlet Nose Radius at Height 1 I 
Profile Chord at Height 1 

t=1 Profile Thickness at Height 1 
Discharge Tail Thickness at 
Height 1 

Radius at Height 2 
. 

at Height 2 I 

ess at Height 2 
Tail Thickness at 

Height 2 

Inlet Nose Radius at Hei~t 3 
Profile Chord at Height 3 

Profile Thickness at Height 3 
Dischi Tail Thickness at 
Height 3 

1 

1 



l1ain , 
EPRl Licensed Material 

Steam Turbine Blade/Bucket Procurement Guidelines 

Table 1-1 
Record of Basic Dimensions from 

N umber _~alTlple~ Minimum 10 ::: ..... ..;.: ..... To Be Measured 
Accuracy of SysteY'" Used: 

to 0.002" ..... ,., 
"'!-''''''''''''u 

Measurement Syv"'" Used: Model and Type of Commercial SY:SU:cllll. 

Locations Sample Numbers 1 T~lIu",~:; 10 
Total Root Width 
Width - Between 1 sl Hook 
Pair 
Width Load Bearing 1 sl Pair 

Radius Above 1 st Pair 1= 
Spread - Between 1 sl and 2nd 

Width - Between 2nd Hook 
Pair 
Width -Load Bearing 2nd Pair 
Radius Above 2nd Pair 
SjJt "'d.U - Between 2nd and 3m 

pair 
Width Between 31d Hook 
Pair 
Width -Load Bearing 31

<1 Pair 
Radius Above 31

<1 Pair 

Used in Root Dimensional Measurements 



Steam Turbine Blade/Bucket Procurement Guidelines 

1 

1. 

2. 

3. 

5. 

1. 

2. 

3. 

4. 

5. 

1 

1. 

2. 

3. 

1-10 

1 

1 

must as or 

:sectIon 1.1 

to 

on 

a res:nonse to 

I 1 



lIain < 

" EPRI Licen.yed Material 

Turbine Blade/Bucket Procurement Guidelines 

Table 1-2 
Allowable Tolerances 

Comment 

For any dimensional 

int<,rf<=llf'in,n surfaces 

Profiles 

Platform Radii on concave and convex sides 

Root Land to surfaces 

Surface Finish Root hooks and vane 

Surface Finish All other surfaces 

1 

1 

1. 1 

2. 

• 
• as """J H.'~'U 

• 

3. 

• 
• 
• 

4. covers, 

• 
• 1, 3 

III 

I 1 
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5. 

6. 1 

Table 1-3 
Materials and Their Chemical 

nIJIJIIIJ,,,u.m;;; J If Blades are and/or Are Not 

Bucket/Blade Cover Pins 

Other 

1 

1 12 

I 1 1 



EPRJ Licem:ed Material 

Steam Turbine Blade/Bucket Procurement Guidelines 

2. 

3. 

Table 1~4 
Source of Buckets/Blades and Their Mechanical PII', .. n".rih.c 

Bucket/Blade Cover Pins 

1. 

2. 

3. 

4. 

5. 

1 

I 1 
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Table 1-5 
Basic Material ""l'j'\nl~"liPl't Used in Structural 

Material "", u ..... , ." Bucket/Blade Cover Pins Disk 

Modulus or 

Poisson's Ratio 

lsity 

Table 1-6 
Additional Material P,. ... 'nprtiP'1Il: Used for Fatiaule Life Prediction 

ucket/Blade Cover 

Table 1-7 
Material Prt\nl'!·rtlll'!l't for Further of see in Wet D." .... "" •• ~ 

Pins Disk 

*Not na'.lr .. ."n the Wilson Line 

Table 1E 8 
Material PI'!!',nprtiP'C: Used in Structural ... n:",,,.'",,, of Buckets 

Material s Bucket/Blade Cover Pins Disk 

1 

I 1 



lIain 
EPRI Licensed Material 

Steam Turbine Blade/Bucket Procurement Guidelines 

1 

1 

l. or 

2. IS HU.U,-"",,""U 1 1 is 

1 1.1 

l. or 

2. 

3. UI;;:,Ul:,:<! or 

Table 1-9 
Erosion/Corrosion Protection 

Planned Treatments 

Yes No 

Yes No 

Yes No 

Yes No Est. 

",rrinti"n of Procedure: 

* cover, airioil disk attachment 

1 

1 

1. to 

2. as 

1 15 

1 



lIaim 

Steam Turbine Blade/Bucket Procurement Guidelines 

3. 

4. 

5 

6. means 
1.1. 

1 

1. to 

2. 

3. root 

4. 

1. 

2. 

1-16 

I 1 



< lIain 
EPRI Licensed Material 

Steam Turbine Blade/Bucket Procurement Guidelines 

Table 1-10 
of Calculated sn'AiI'IlU 

Revision # 

Max 
Elastic Stress 

ksi 

Tenon* 

Blade Root 

Disk Attachment 

H"",nno.'fl elastic stress exceeds the material 

1 1 

1. or 

2. stress 

1-1 

1-2 

3. true two 

4. mean stress on true not stress 

1-17 

I 
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Table 1·11 
Calculated True Stress in Identified 

Structural Feature 

Cover: 

Tenon* 

Tie 

Airtoil-

Blade Root 

Disk Attachment 

* If not aOlJIICaO\'B. 

of Local 

Max 
Elastic Stress 

ksi 

formula from 

*** Indicate Yes if the true stress still exceeds the material 

1. 

2. 

1 

1 

2. year at 11 

3. 

care 

1 18 

True Stress Local 
ksi Yes or No 

IIramanT 6.4.1 

1-

I 



2. 

3. 

EPRl Licensed Material 

Steam Turbine Blade/Bucket Procurement Guidelines 

Table 1-12 
LCF Crack Initiation Life for Identified wpnlt1.nc of Local 

Structural Feature 

Cover: 

Tenon* 

Blade Root 

Disk Attachment 

* If not indicate with NA. 

True Stress 
ksi 

Plastic Strain 

1-19 

1 
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1 

1. 1 

L 

2. 

3. 

1. resonance 
~v~.u .... '''' as 

15 

2. 

3. 

4. 

1 



Main 
EPRI Licensed Material 

Steam Turbine Blade/Bucket Procurement Guidelines 

Table 1-13 
Blade Disk Natural Frll'!'nlu'!n~:lll'!l':: 

Nozzle 

:requencies Shown Are: _ _ Calcul 

Nodal Diameter Number Mode A (Hz) Mode (Hz) Mode C (Hz) Mode D (Hz) 

Nodal Diameter # 0 

Nodal Diameter # 1 

Nodal Diameter # 2 

Nodal Diameter # 3 

Nodal Diameter # 4 

Nodal Diameter # 5 

Nodal Diameter # 6 

Nodal Diameter # 7 

Nodal Diameter # 8 

Nodal Diameter # 9 

Nodal Diameter # 10 

Table 1-14 
Modes with Less Than 15 Hz of from Resonance 

NOM Nearest 

Hz Hz 

Hz Hz 

Hz Hz 

_____ ~, ____ Hz Hz 

_______ Hz NPF Hz 
NPF 

_______ Hz NPF Hz 

I 1 



Steam Turbine Blade/Bucket Procurement Guidelines 

1. 

1. 

2. 

3. 

4. 

1 

1. 

2. 

3. 

4. 

1 

"""IJV""..., stress ...,"1...,UJl<.< 

maxunUlll resonant stress at 
.,-,«uu.",,,, A 

a 

resonant res.pOlns,e, 

.1. 

1-4 

at at 1 oeI··reVOILUllon. 

I 1 1 
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Steam Turbine Blade/Bucket Procurement Guidelines 

Table 1-15 
Resonant "'n"',...." .... Stress for the First Four Nodal Diameter Mode Families 

Cover: 

Tenon 

Blade Root 

Disk Attachment 

1. 

1. 

2. 

1 1 

1. 

2. as or cut assume a 

1 

I 1 
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1. 

1. 

2. 

3 

1 

Table 1~16 
Estimated Detuned 

ND Mode* 

Stress for Each Mode 

Mode A 

Stress** 

Cover: 

Tenon" 

Airfoil 

Airfoil-

Blade Root 

Disk Attachment 

*"Calculated lirOlmolnt 1.7.4 

stress 1 

o )b 

bare 
1-17. 

0"01S mean stress. 

IS 

1~6 

8 a 

1 



5. 

6. 

1 

l. 

2. 

3. 

5. 

6. 

7. 

a 

to 

on 

17 as 

EPRl Licensed Material 

Steam Turbine Blade/Bucket Procurement Guidelines 

it 

an 

to on stress mean 

1-7 

nearest use 

stress 1 

to 

1 
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Table 1-17 
Estimated HCF Initiation Ufe for Modes < 10Hz From Resonance 

Stress Mode @ Mode @ Mode @ 

For Each Mode 

Cover: 

Tenon* 

True Fracture ,...Tri:>nnTn 

**Calculated 

1. 

2. 

3. 

4. 

I 1 
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Steam Turbine Blade/Bucket Procurement Guidelines 

1. 

a is 

1. 

2. a mCld111C3.tlOll IS 

1. 

2. a m()dljtlc~ltl(m IS 

1 

1 

1 tests 

2. 

3. 

1 



lI.in , 

Steam Turbine Blade/Bucket Procurement Guidelines 

4. 

5. 

6. 

1. 

2. 

3. 

5. 

6. 

7. 

1 

Table 1~18 
Record of 

Measured Blade #1 

on 

Tests for Individual Blades 

Mode 1 Mode 2 

Hz 

Hz 

Hz 

Hz 

Hz 

ti.LlI'-""H< to 

Mode 3 Mode 4 

Hz Hz Hz 

Hz Hz Hz 

Hz Hz Hz 

Hz Hz Hz 

Hz Hz Hz 

measurements at no 

at zero 

I 1 
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Steam Turbine Blade/Bucket Procurement Guidelines 

o 

1. 

2. 

3. are or 

Table 1-19 
Record of Tests for Installed Blades/Blade 

Mode 1 Mode 3 Mode 4 

Hz Hz Hz 

Measured Blade #1 Hz Hz Hz Hz 

Measured Blade #2 Hz Hz Hz Hz 

Measured Blade #3 Hz Hz Hz Hz 

Measured Blade #N Hz Hz Hz Hz 

1. 

2. 

3. 

4. 

1 

I 1 
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1 

Table 1-20 
nnllnnlV Alternatives for Turbine 

attachment base 

blade 
Alternative Terms 

1 

I 



EPRI Licensed Material 

Steam Turbine Blade/Bucket Procurement Guidelines 

1.10 

Table 1~21 
r::nmn,n~itin,n of Materials Used for LP Blades 

Element 12% Cr Stainless Steels Titanium 

AISI or 
AISI403 AISI410 X20CrMoV121 X20Cr13 

.... '';''''' ..... , 

.... "''''.:!:IildUUII 
(Gencih::) .1. 

l-" .. ···""Ie} 

Carbon 0.15±0.005 0.15±0.005 0.22 0.19 0.020-0.040 

Manyallt:::>t:: 1.00±0.030 1.00±0.030 0.40 0.53 

Phosphorus 0.04±0.005 0.04±0.O05 0.017 0.017 

Sulfur 0.03±0.005 0.03±0.005 0.004 0.013 

Silicon 0.50±0.050 1.00±0.O50 0.38 .024 

Chromium 
11.5-13.0 11.5-13.0 12.4 13.3 

±0.150 ±0.150 

MOlyuut:num 0.49 0.03 

Nickel 0.60±O.O30 0.96 0.43 

Tungsten 

Vanadium 0.28 4.1--4.5 

Nitrogen 0.04 0.010-0.019 
..... 0.06 ~~,...,...~ 

Aluminum 6.2--6.6 

Oxygen 0.12-0.20 

_Hyd~el 0.002-0.006 

Iron 0.100-0.008 

Titanium Balance 

1 1 

I 1 



Steam Turbine Blade/Bucket Procurement Guidelines 

Used for LP Blades 

Element Prechr'L L'. , .. , ... "" '''' .... Materials Duplex Steels 

17-4 PH 15-5 PH 13-8 PH 
Ferralium 

255 
AISI or X3CrMnNiMoN 

AISI630 X5CrNiMoCu145 X3CrNiMoAI1382 AISI 2264 

lExamole) 

Carbon 0.07 max 0.04 0.03 0.04 max 0.02 

_fv1a~g~n~~ 1.00 max 0.42 0.03 0.80 5.6 

OI-'~"t-'"uiUS 0.03 max ~ 0.004 

Sulfur 0.03 max 0.010 0.003 

Silicon 1.00 max 0.04 0.45 

Chromium 15-17.5 12.7 26 

I\,"u,yuu"", 0.50 max 2.22 3.0 2.1 

Nickel 3-5 4.83 8.47 5.5 3.8 

Niobium 0.32 

Tungsten 

Vanadium 

Columbium 

Columbium + 0.15-0.45 
Tantalum as5X 

0.45 max) 

Copper 3-5 1.52 0.01 1.7 

Aluminum 1.04 

Oxygen 

Hydrogen 

litrogen 0.17 0.33 

Iron 

Titanium 

1 

I 1 1 
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Table 1-22 
Mechanical p .. ,.,n", .. ti".c: of Materials Used for LP Turbine Blades 

200 

760 
(11 

585 

23 

60 

195 

1070 
(1 

10 

41 

375-438 

550 

Titanium 

Annealed 

4430 
16) 

114 
(1 

88 
(1 

13 

520 

Stainless 
Steel 

Plate, heat treated at 
1120°C 

cooled 

7806 

210 

674 

27 

1 

1 
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Table 1-23 
and . s of Materials Used for HP Turbine Blades 

Element 

Vanadium 

Thallium 

at 

1 

Martensitic Stainless Steel 
AISI 422 

O.22±O.020 

O.69±O.030 

O.02±O.005 

0.03±O.005 

0.50±0.050 

11.5-12.5 ± 0.150 

0.93±0.050 

0.76±0.030 

0.97±0.050 

O.21±0.050 

795 
(115) 

13 

25 

293-341 

2.14-2.34 
(15.5-17) 

Austenitic Stainless Steel 
Turbotherm 17 13 

0.10 

0.03 

0.003 

1.00 

16.0 

13.5 

2.80 

0.50 

30% Quenched 
25% Hot & cold formed 

I 1 



Table 1-24 
Materials 

... ........ ',.,V""'''L 
LP Rotor 

LP Disc 

HP Rotor 

HP Disk 

EPRl Licensed Material 

Steam Turbine Blade/Bucket Procurement Guidelines 

Used in the Construction of Rotors 

Generic Name ASTM Alloy Designation 

2.0 NiMoV A293, Classes 2 & 3 

2.5 NiMoV A293, Classes 4 & 5 

2.5 NiMoV A470, Classes 2 & 3 

3.5 NiCrMoV A470, classes 5 to 7 

20 Mn 5 None, (DIN, Wks, 1.1133) 

24Ni4 None, (DIN, Wks, 1.5613) 

24 Ni 12 None 

22 NiCrMoV 12 None 

2.8 NiMoV A294, Grades 8 & C 

3.5 NiCrMoV A471 , Classes 1 to 3 

1 CrMoV A293, Class 6 

1 CrMoV ~70, Class 8 

12 CrMoV A565, Gr. 616 

12 CrMoV A768, Class 1 

-20 CrMoV 12 1 None (DIN, 1.4922) 

-22 CrMoWV 12 1 None (DIN, 1.8212) 

30 NiCrMoV 5 11 None (DIN, Wks. 1.6946) 

1 CrMoV A471 , Class 5 & 10 

26 NiCrMoV 11 5 None (DIN, Wks. 1.6948) 

1 

1 
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Table 1-25 
Com[lositic)n and 

FAIT 50 max 

Brinell Hardness 

Notes: 
1. ASTM 

rn",,,, .. t ... ,,, of Cnmrnnl,h, Used Rotor and Disk Materials 

Min. 

0.28 max 

Note 4 and 7 
Note 4 

725-860 
(1 

-rc 

18 
17 

52 
50 

61.2 

LP Disc 
3.5 NiCrMoV 

, Class 

0.28 max 

0.70 max 

0.75-2.0 

0.20-0.70 

0.05 min 

Note 7 

47 

61.2 

SI"l'~"ItII""OII'lnn for Vacuum-Treated Carbon and 

HP Rotor 
12CrMoV 

0.20-0.25 

0.5-1.0 

0.05 max 

0.50 max 

0.5-1.0 

11.0-12.5 

0.90-1.25 

0.20-0.30 

0.90-1.25 

965 
(1 

760 
(1 

13 

30 

11 

302-352 

Steel i-nY,ml"l/"" for 

2. "n'~""tll""OI!'inn for Vacuum-Treated Steel ... nlr ...... 'nc for Turbine 

1 

3. 

4. 
5. 
6. 
7. 
8. 

for Martensitic Stainless Steel 
Service. 

to minimize embrittlement. 
0.10 max. 

0.40 % Mo may be "1"1<,,,11,<>1"1 

and 

1 
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Table 1-26 
P-nmn,n .. itin,n of Selected Il'nl''''ll'I,n Rotor Materials 

Rotor Material Din C Si Mn P S Cr Mo Ni V W 
Wks. 
No. 

20 Mn 5 1.1133 0.17- 0.30- 1.00- 0.035 - - -
0.23 0.60 1.30 

24 Ni 12 - 0.25 0.90 - 3.0 -
nom nom nom 

22 NiCrMoV 12 0.25 0.47 1.50 0.40 2.80- 0.11 . 
nom nom - 3.20 

2.00 0.60 

26 NiCrMo 11 5 1.2726 0.22- 0.30- 0.20- 0.03 0.03 0.60 0.20 1.3D- 0.15 0.20 
0.30 0.50 0.40 1.60 

0.90 0.40 

X20 CrMoV 121 1.4922 0.17- 0.50 1.00 0.030 0.030 10.0 0.80 0.30- 0.25-
0.23 - 0.80 0.35 

12.5 1.20 

X21 CrMoWV 12 1 1.4926 0.20- 0.50 0.30- 0.25 0.20 11.0 0.80 0.30- 0.25- 0.30 
0.26 0.80 - 0.80 0.35 

12.5 1.20 

24 Ni 4 1.5613 0.20- 0.15- 0.60- 0.035 0.035 0.30 - 1.00- . 
0.28 0.35 0.80 1.30 

24 Ni 8 1.5633 0.20- 0.15- 0.60- 0.035 0.035 0.30 - 1.90- . 
0.28 0.35 0.80 2.20 

30 NiCrMoV 5 11 1.6946 0.28- 0.30 0.15- 0.015 0.018 1.20 0.25 2.4- 0.05- -
0.32 0.40 - - 3.1 0.15 

1.80 0.45 

26 NiCrMoV 145 1.6957 0.22- 0.30 0.15- 0.015 0.018 1.20 0.25 3.4- 0.05-
0.32 0.40 - 4.0 0.15 

1.80 0.445 

21 CrMoV 511 1.8070 0.17- 0.30- 0.30- 0.035 0.035 1.20 1.00 0.60 0.25- -
0.25 0.60 0.60 - 0.35 

1.50 1.20 

1 

1 
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1.11 

Plastic Strain-Ufe Curve: Low Cycle Fatigue 

Life, Reversals to Failure, 

Stress-Life Curve: High Cycle Fatigue 

Life, Reversals to Failure, 

Total Strain-Life Curve 

Ql 
"C 

~ 0.1 a. 
E « 
c: 

~ 0.Q1 

0.0001 '----'----'---"'----'---'----'---"" 
100 101 

Life, Reversals to Failure, 

1~4 

Montonic Properties 

Elastic Modulus ................................ E 
Yield 
Tensile Strength 
Reduction in Area ............................. %RA 
True Fracture 
True Fracture 
Hardening t,;oelllCIBlnt 
Strain Hardening Exponent.. ............ n 

Cyclic Properties 

Definition and Formulation of Stress and .-a ....... IJIC Life Curves 

1 

I 1 
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Table 1·27 
"l'Il'lnl,I'" Plrnl'llArti"'lII: for 12% Cr Stainless 

Notes 

403 strain rates 

403 932 0,128 Lower strain rates 

403 1172 0.125 

410 1472 0.143 1% 

410 1472 0.218 1% 

422 1216 0.093 

422 1249 0.099 Lower strain rates 

, ( 

, 
\ 

1 
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Audit and a Control Blade From a GE G3 Unit With a 30-Inch LSB 

true 

1 



i 

\ 

EPRI Licensed Material 

Audit and a Control Blade From a GE G3 Unit With a 30-Inch 

Finite Element !In,''''"'''' 

Stress 
Cover - Tenon 

< 0.5% Strain > 0.5% Strain 

< 50% Yield 

Features 
- Disk 

Opera.ted as: 
Peak Base 

< 15,000 

> 50% Yield 

(> 

Meets ACCel)tal1ce Criteria 

4-1 
_"'''' ....... Audit prc)ce,ClUlre and As;selssrnelrlt 

of Blade-Disk 

NPF Margin for Critical Modes 

<5% < 10 Hz > 10 Hz 

> 

LSB 

1 1 



Audit and InSl'lpritlnn a Control Blade From a GE G3 Unit With a 30-Inch LSB 

1 

• 

• 

oet.enoraltlOn or 

• 

• 

1 



, , ., , 

0.0 

Audit and In'C/lp,rtllm 

EPRI Licensed Material 

a Control 

Stress Takes 

Blade From a GE G3 Unit With a 30-Inch 

MONTHS/DAYS 

")"n":,,,.,j,., Stress 

Stress Takes 
the Process 

Over Process 

0.005" 0.010" Crack Size a 1.500" 

t:::r,!"Io'lJlrth Process 

LSB 

I 1 



Audit and a Control Blade From a GE G3 Unit With a 30-Inch LSB 

1 



EPRI Licensed Material 

Audit and .n,"'Jpr"i"nn a Control Blade From a GE G3 Unit With a 30~Inch LSB 

1 

Blade 

( 



Audit and lHn,(>rt,,')n 

• 
• 
• 
• 

a Control 

6 

5 

3 

6 

a 

root. 

Blade From a GE G3 Unit With a 30-Inch LSB 
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Airfoil 

Root 

Control Blade Finite Element Model 

LSB 
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Audit and lnsl7ec,tion a Control 

Table 4-3 
Material I"'r .. 'nArtl~!!II: Used""in 

Table 4-4 
Material " .... ..,' ... "1 ..... Used for 

Blade From a GE G3 Unit With a 30-lnch LSB 

MPa 

0.18 

0.283 7.840 

life Prediction 

145.8 ksi 1005 MPa 

-0.094 

0.602 

0.134 

1 
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Relau'dtothen~'Ar.~tir.~ 

Unit 
Shutdown 

I 

Stress Modes 

Source: Turbine Steam Pa.th Damage: Theory and Practice, EPRI, 1999 

tsE!tw'ee,n !Ii:.tAJ!:.riU and 

LSB 

1 
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No 30.4 

No 36.3 

NA 

No 

No 

No 

Disk Attachment No 

" If not alJ~JI'''':;''.''':;;. NA is indicated, 

** Yes is indicated if the ft:ln,nrr",n elastic stress exceeds the material 

root 

~ .. 

I 
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Figure 4-6 
Distribution of Steady Stress in the Cover and Tenon 
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Figure 4-7 

ANSYS 5.6 
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Distribution of Steady Stress on the Airfoil Leading and Trailing Edges 
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Figure 4-8 
Distribution of Steady Stress on the Root and Disk Attachment 
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S1 (AVG) 
PowerGraphics 
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resonance. 
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and From GEG3 With 

Zero Nodal Diameters 

One Nodal Diameter 
1 

Two Nodal Diameters 

Three Nodal Diameters 

Source: Turbine Steam Path Damage: Theory and Practice, EPRI, 1999 

4~9 

Nomenclature nAQf'lrihlinn Blade and Disk Vibration Modes 

500 

450 ----------"" 

400 

350 

300 
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200 

LSB 

Four Nodal Diameters 

Five Nodal Diameters 

Six Nodal Diameters 

Seven Nodal Diameters 

ModeS 

Resonant Condition 
150 
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50 
""'------- hnrrlnn" At 60 Hz Increments 
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Nodal Diameter Number 
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Nomenclature of an Int"'"""l't>nf"'" 
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interference 

5000~----~F---i------~----Jr-----+-----+-----4 

4000 

1000 

Ob---~~~--~-----6----~----~----~------~----~--~ 

4~11 

Interference 

o 2 3 

,:;,unu',,"HlI at 3600 RPM 

4 5 6 7 8 9 

Number of Nodal Diameters 
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Blade Disk 

Diameter 

0 

2 

3 

4 

5 

6 

7 

8 

9 

stress. 

Table 4~8 
Blade Disk Natural 

1------

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Unit With a :'W-Inch LSB 

A C D 

737 4167 

691 4549 

5868 

4052 6094 

1663 2157 3969 6131 

2107 2179 

2194 2472 

2205 2770 

2211 3017 

2213 3184 

Zero 

Nozzle;::" "' .... ii 'l:J Frequency 7680 Hz 

:requerl'l"la~ Shown 211 leasured 

Mode ily 

A B C D 

734 943 3407 4163 

687 1730 4149 4541 

759 2064 
I 4110 5859 

1 56 2123 4048 6091 

1658 2152 3965 6128 

2103 2174 3861 6155 

88 2468 3737 6179 

2199 2765 6198 

2206 3013 3432 6210 

2208 3180 3292 6214 

I 1 
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Table 4=9 
Modes with the lowest from Resonance 

NO Mode i'"AnnllV Nearest 1FII"II'1inill'> Order 

Mode A NO 3 at 1161 Hz 21 peHev at 1260 Hz 

ModeB NO 2 at 2068 Hz 34 per-rev at 2040 Hz 

ModeC NO 7 at 3597 Hz 61 per-rev at 3660 Hz 

ModeD NO 5 at 6159 Hz 103 per-rev at 6180 Hz 

I 1 
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Table 4~10 
EsUmated Dynamic StB~e$S T<or Selec:ied Modes at Partial Arc Opei'edkm 

Mocie A ModeS ModeC ModeD 

Natul'al Fi'equency (Hz) 1161 2068 3597 6159 

k§l ~ MPEl ksi MPa I ksi MPeJ ksi MPa 

Cover (Shroud/Integral) 0.08 0.55 0.12 0.80 0.03 0.24 0.11 0.74-

Tenon 0.20 1.38 0.20 1.38 0,08 0.55 0.55 3.81 

Airfoi l - Leading Edge 0.30 2.07 0.10 0.69 0.07 0.51 0.12 0.80 

Airfoil - Trai ling Edge 0.20 1.03 0.44 3.03 0.16 1.10 0.86 5.92 

Blade Root 0.40 2.96 0.50 3.45 0.19 1.36 0.98 6.77 

Disl{ Attachment 0.40 2.55 0.47 3.24 0.16 1 .11 0.78 5.35 

During periods of partial arc operation, it is generally assumed that dynamic stress will be equal 
to or significantly greater than these resonant stress values. However, for the maintenance 
engineer tasked within inspecting these blades for symptoms of fatigue, it should be noted that 
the distribution and locations of maximum dynamic stress shown in the following figures remain 
the same. 

Dynamic Stress (Frequency Ratio = 1.00) 

Figure 4-12 
Resonant Dynamic: Stress Profi le for Mode A 

4-22 
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l 

Dynamic Stress (Frequency Ratio = 1 .00) 

Figure 4-13 
Resonant Dynamic Stress Profiie fo!/' Mode B 
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Dynamic Stress (Frequency Ratio = 1 .00) 

Figure 4-14 
ReSOi1arlt Dynamit: Stress Profile fol' Mode C 
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Dynamic Stress (Frequency Ratio = 1.00) 

Figure 4~15 
Resonani Dynamic Stress Profile for Mode D 

\. 

4.6 Guidelines for Inspection and Risk Assessment 

OCT 30 2000 
09:38:57 
NODAL SOLUTION 
STEP = 1 
SUB= 1 
TIME = 1 
S1 (AVG) 
PowerGraphics 

EFACET= -I 
AVRES = Mat 
DMX = .157E-03 
SMN = -273.918 
SMX=1261 

-273.918 
-103.426 
67.066 
237.559 
408.051 
578.543 
749.035 
919.528 
1090 
1261 

As parts remain in service longer and the intervals between inspections are increased, there is a 
greater chance of finding damage or wear to the rotating components, particularly at the front 
and back end where the environment is the most aggressive. Because these parts can 
significantly affect the critical path of an outage, this portion of the guideline is designed to assist 
an engineer with the following: 

• Anticipate which pmis may need to be replaced 

e Ensure that future inspections are focused on key locations where fatigue is most likely to 
appear 

® Make a quick assessment as to whether any found damage presents a low or high risk of 
failure prior to the next maintenance interval 

For control stage and first reheat buckets/blades, the remaining portion of this guideline features 
a probabilistic treatment of low-cycle fatigue (LCF), high-cycle fatigue (HeF), creep rupture 
(CR), and solid particle erosion (SPE). It is noted that although HP and IP blades also experience 
low-cycle fatigue (due to start-stop cycling of the turbine) and high-cycle fatigue (promoted by 
vibration of the blades during periods of operation) in the same manner as LP blades, HP/IP 
blades are generally designed with the mggedness and durability to accommodate the damage 
caused by these mechanisms. Compare the calculated steady stresses as shown in Volume 6 (for 

4-24 
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"""'U.UL,"," or <1elteclte<1 

are remote. 

LSB 
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Audit and lnS,pectLOn a Control Blade From a GE G3 Unit With a 30-Inch LSB 

for Identified of local 

True 
Structural Feature Plastic Strain 

ksi 

3004 3.86E-08 1 5 

36.3 1.70E-07 4 

144.8 2.30E-09 7.38E+16 

162.7 6 

278.5 4.79E-07 3 

34.8 239.9 1.1 4 

True Fracture 0.602 

1 
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Total Associated with Stress 

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 
1.00E+OO I"=!::=~::::::i:=:=!===i:===!:=::!:~~ 
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~ i.00E-02 ~~~~~~ 
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~ e:! i.00E-OS 
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'5 1.00E·04 

i.00E-05 

i.00E-06 

i.00E-07 

at Different Levels of OnArl'lltina 

LSB 
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Prolbalbilijtv for to at Increments of "''I'"UII''II\I ... 'w ..... c ... vs. 

60ksi 

414 MPa 

1.16E-01 

( 
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on are 

to 

Free 

Factor 

196.0 10.6 29.34 32.24 

281.7 2.4 9.58 10.53 

172.4 3.5 8.60 9.45 

193.7 3.5 9.67 10.62 

268.0 2.4 9.12 10.02 

Disk Attachment 34.2 2.4 8.02 8.82 

I=v<.rnn,l., of da/dN Curve Paris Formulation 

4-17 
Nomenclature for and 

Fracture 

1000 

Formulation 

Correction F""lnr-_ Dynamic Stress 

Assumed Crack Length 

t'l.K for Different Materials 

Malerial 
Type 

AISI403 
AISI410 
17-4 PH 
Ti-6AI-4V 
AISI422 
CH·60 

Stress 

3.0 
3.0 
5.0 
5.5 
3.1 
3.1 

3.3 
3.3 
5.5 
6.1 
3.4 
3.4 

LSB 

1 
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Cover - Crack from Holes Lashing Lug - Edge Crack 

Tenon - Corner Crack Airfoil Leading or Trailing Edge - Edge Crack 

Root - Corner Crack Crack Embedded in Airtoll Elliptical Crack 

...... , ... 11', ...... Factors locations 

is more to 

1 1 
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Initiation Partial Arc 

Location 

D 30.7 211.3 0.1 0.7 7.95E+19 

D 37A 257.9 0.6 7.79E+12 

A 21.0 144.8 0.1 0.8 1.68E+21 

D 23.6 162.7 0.9 5.9 2.30E+11 

D 43.0 296.2 1.0 6.8 1.1 0 

k Attachment D 245.2 0.8 5A 2A1E+11 

145.8 ksi 1005 MPa 

-0.094 

1 
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10 

11 

a Control Blade From GE G3 Unit With a 30-Inch 

at Increments 

LSB 

5.21E-02 

5.39E-02 

5.54E-02 

5.65E-02 

1 1 
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Total Hours of 

Well Detuned Modes 

Note: Trendlines are based 011 an assumed mean stress of 4.0 ksi (28 MPa) . 

.,-. ••• _ ... - at ni1F1f ... " ...... 't Levels of n'U'n:::l!mi:~ .... :'t ..... ".,. 

1 1 
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4-16 
Estimated 

Free ) 

mm 

0.12 9.22 

0.55 3.81 D 2.4 4.72 119.8 

0.30 2.07 A 3.5 6.96 176.7 

0.86 5.92 D 3.5 5.51 139.9 

0.98 6.77 D 2.4 

5.35 D 2.4 5.22 132.6 

Table 4-10 

stresses. 
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Total Years of nn,prl'l'tinn 

1.00E+OO 

1.00E-01 

c 
0 

1.00E-02 ~ 
Q 

~ 
(f) 
(f) 

1.00E-03 a:l 
(3 
Q - N 0 co 

1,OOE-04 co 
Cl 
I-
m 

1.00E-05 ...J 
~ 

1.00E-06 

1.00E-07 
1 5 9 13 17 21 25 29 

Years 
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over a 30-Year PlIOIr'inti 

1 

2 

3 

4 

1.27E-01 

7 1.6SE-01 

8 

9 

10 

11 

3.49E-01 

3.83E-01 

14 4.14E-01 

15 4.42E-01 

16 

5.67E-01 

S.89E-01 

6.62E-01 

6.77E-01 
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SPE Failure Rates: G3 Control 

1.00E-01 

~ 
.2 1.00E-02 

~ 

1.00E-03 

1.00E-04 

1.00E-05 

1.00E-06 I...&+--+--.-"+----r--I'" 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Years of 

4~22 

of Failure Due to 

SPE Failure Rates: G3 Control 

1.00E+OO r.=J::=~:::c:::c::::c::::c::::;rII-IIIIIIIII-' 

1.00E-01 

~ 
.2 1.00E-02 +--+--+--I-+---+--
~ 

1.00E-03 

1.00E-04 ,--+--+--1 Remote 

i.00E-05 --1-+-+---1 Remote 

1.00E-06 !..-,;;..;..:-~-+-....::;..;;.-+-~~~ 
1 

Years of 

nAmJl'llnll'l! to Next 
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29 British American Blvd., Latham, NY 12110 

FEBRUARY 6, 
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MECHANICAL DYNAMICS & LTD. 
29 BRITISH AMERICAN NEW YORK 12110 

PHONE: 399-3616 FAX: 399-3929 

www.MDAturbines.com 

Intermountain Power .un,,,,nr'\I 

850 W Brush Wellman Rd. 
Utah 84624 

Attention: Brad 
Planner 

Re: 

Mr. 

6,2008 

Phone: 
E-Mail: .!::!.U:!:l!£:..L\!;!~~!.!!.ll 

& 

via e-mail Mechanical & is DleaSElO 

the removal and installation of new Hitachi 

• Purchase of Covered Blades 
• LP sections 

The work will be .... ,...,nnllot",rI on-site over the course of two ,,;;''',.,'''''' for 2010 and 
2011, MD&A the units are GE S2 machines rated "' .. "",, .. ,,'" at 820 Mw with 
commercial in 1986 and 1 

MD&A's 

Best 

Molina 
General 

Cc: 

as follows: 

]Q"' .... r"'ltlr'n and Schedule 
MD&A Rate and Rental Schedules 

CCB Promotional Material 

to serve Intermountain 

Steam Turbine k'Ql!rnflf'" 

o A.C. J H. R.C. Allen 

and if we the it will be 

1 1 
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a. 
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b. 

a f'h,~ .. rlorl as 

3. 
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• A row. 
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U.S. and CANADA 
THRU 

..... ....... .... .. ... $172.00 
.na",{1<,""'''' ................ ~............................................. $ 188.00 

Work Leader ...................................................................................................... . 
St""l>lTln<>,th Technician... . ................................................................................................... .. 

Blader, Welder, Seal Technician 

$ 234.00 

$ 300.00 

$115.00 
$ 85.00 
$ 78.00 

$ 258.00 
$ 282.00 
$ 351.00 

$ 450.00 

$ 172.50 
$ 127.50 
$117.00 

Generator Technician .......................................................................................................... . 
Craft Labor, Administrative/Clerical.. ........................................................................................... .. 

$ 110.00 $ 165.00 
Available upon 

Per Diem ...................................................................... 5) ... .... .. . .. .. .. .. .. .. .. . .. .... ....... $ 
.................................................................................................................. Cost + 
and from ................... ................... ..... .......... IRS Standard Rate + 10% 

are based on a minimum or ten hours six 
time will be at S. T. rates and limited to ten 

2. O. T. ;s defined as work over hours on week/1811'S 

3. for turbine tool container does not 
4. Rate excludes weld filler materials in some 

or $1.20/Mi/Truck 

which will be invoiced at cost + 10%. 
and all silver solder. 

5. Firm diem rate includes local ''''''''Ull'" communications and incidentals. 
Price shown is based on rural to medium suburban areas. locations 

will be UUL""'U Los or locations where event rates 

f-'~lIm,F!nT terms Net 30 
month finance 
in Dollars. 

vUU'/""'" to MD&A TERMS AND 

MD&A 2008 Rates-USA 

MD&A, 

AND PARTS 

American Blvd., Latham, NY 12110 
518-399-3616, Fax: 518-399-3929 
WWW.MDATURBINES.COM 
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1 . In case of a work we will the Customer the 
of our crew our crew to their home base. In the 

event that crew members are to return to their res:oeCII\le home base location and to re-
turn to the Customer's at a later date to finish the MD&A will submit a for 

,.l"In,,.,,,,1',,, "in and out" expenses due to the work C>lUUU<lUC; 

2. assumes no for the on-site crane or its n .... ",.",I',nn 

the Customer's to that the crane meets all and 
dards. The proper of the overhead crane is critical to the success of this 
therefore that Customer makes every to have a 
nance to the does not include a crane 
spare should also be inventoried and lead times checked with SUI)PllerS 
stand that it may be necessary to share the use of the crane with another vendor. 
in crane can be however extended of time 
crane is not available will be considered time. Additional overtime 
schedule will be billed per the Rate Schedules. 

3. will be extra at a rate of 
to 480 volt 

4. All electrical will be n""rt .... ,·rn~"1 at the OEM's recommended " .... ,t<>r''''c> unless otherwise in-
structed Customer. 

5. The conditions of any tests shall be upon and MD&A shall be notified and 
may be all tests that may be made. 

6. time is defined as work up to Overtime is defined as work after 
hours on and all 

7. Work durations are calculated based on 
per week. 

hours per two seven 

8. Removal of the uue,",,,,,,'::>. of the new 
CC8'swill be 

9. MD&A will the Owner to the dovetail 
order to allow manufacture of the proper sizes and 
and reamers. If such data is not it may be available from old 
be obtained measurement of the sizes the rotor the LP hood 

MD&A can these measurements on a firm basis or on a T&M basis us~ 

11 L-O bucket 
In the 
made available 

rates in effect at the time. 

and increased costs associated with 

per row is 88 a maximum of 
includes 264 dovetail 

installation work. 

the buckets off can be avoided 

extra buckets per row will be nrn'llIn"n 

a maximum of 1 00 extra n'n,<>lr,mAl 

1 



12. A maximum of 100 extra I row will be made available to MD&A Hitachi 
tion work. is to be confirmed the owner at the time of order. Unused 

the installa
remain the 

nrl"ln"'r1\1 of Hitachi. 

13. Unused ,wn"",,,'" of MD&AlHitachi and must be returned. 

14. shall be final. 

15. All installation hardware and is included. 

16. will be standard ,,,,,,vi..,,,.. suitable for 

17. includes ocean of the buckets and if 
a short turnaround n"'II\/""I"\/ or forced is extra and will be added. 
nrr,vinn:::.tAhl 10 after MD&AlHitachi are notified. 

18. Should the new CCB blades not fit the unit MD&AlHitachi will them at the next 
The blades that cannot be fit to the unit must be returned to 

19. As is normal on dovetail buckets we will <:I'U>In,,\, buckets in 
a manner that would allow them to be re-installed and until a set can be 
manufactured. Of course, if normal bucket removal praictll~es are un-successful and before any 
destructive methods for removal of the buckets are the schedule 
costs and risks will be reviewed with and the Owner. 
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9. CO'IClllJS1()NS 

1. 

3. 
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10 12 1 

2 1 14 

4 12 16 

2 16 18 

1 0 17 

4 0 4 

1 0 12 

1 4 0 4 

17 2 0 2 

1 0 16 16 

6 10 16 1 

10 0 10 

0 8 
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Cane Run 4 

Nov-02 Louisville Trimble 1 26" L-O Rows GE 512 G2 

Arizona PS Four Corners 1 26" L-O Rows 175 05 

Nov-02 Utilities Ghent 2 26" L-O Rows GE 511 G2 

Feb-03 Xcel 6 26" L-O Rows GE 156 03 

Ace Trona 26" L-O Rows HT 108 SF-26 

New Brunswick Electric Coleson Cove 3 26" L-O Rows HT 315 TC4F-26 
Power 

Feb-04 Alliant 4 33.5" L-O Rows GE 330 08 

Arizona PS Four Corners 2 26" L-O Rows GE 175 05 

Feb-OS Sabine 3 26" L-O Rows GE 410 G2 

ATCO Electric 33.5" L-O Rows HT 381 TCOF-33.S 

Feb-07 Electric Bend 4 26" L-O Rows GE 444 G2 
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1. 
a. In the event MD&A is the 

we propose the 
25% upon of the UUljl\l:lil::;. 

b. Estimate does not include any site 
c. All invoices net Work """,,,,,,;f,, duties and if any, are an extra 
d. If the bond cost allowance is based on known WOrKSCDrle If contract ex-

all invoices for such extra work will be to cover additional bond 
costs. 

e. MD&A reserves the to the contract ",.,·""""n+ 

vance or in escrow, if the client's credit 
vised terms are not ac()epted 

,nf,~t;".n or cancel the 
of all and services ",,,,,.f,,,·,,,, ... ,rl 

ceived. 

2. Extra Work 
a. MD&A will be reimbursed for 

with Customer's 
tractor rental and 

All extra work nQIrl',...·,."£,,.; 

the Rate Schedules. 
b. MD&A shall be entitled to Customer 

from the contract MD&A shall not be to "" ... ,n'" 

,..n'~nrl'" order until Customer and MD&A have reached written .. ",.·"" ............ "t 

in and scope of work. 

3. 
Extensions may be 

Due to I'"w<:o"nl"'-<:O' ,..." .... "irl'~ .. "'·h" .. '" ,..,,","r-"' .. ,., demand for services and of resources, 
all offers of services are commitment. 

4. 

5. 
of this 
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6. 

8. 

a. Insurance is offered in the amounts and kinds shown on our insurance "olrtifi,,<lj·o a copy of 
which is attached. 

b. Neither MD&A nor its insurer will agree to waive 
c. Indemnification shall to claims third 

or and shall be limited to the extent of each 
fault. 

d. MD&A's and its subcontractors' under the contract for direct in-
rl'""nt,,,,,,,, and/or otherwise shall be limited to claims which arose 

and shall not exceed the allocable to the 

Title 
a. Title to 

full. 

rise to the claim and must "'n.",,"t't'<>II\J 

and incidental 

shall pass to Customer when services and associated have been in 

a. MD&A and Customer to reach a 
Customer elects to terminate any 

in the event the 

entitled to reasonable 
.c,...,,,,nr,c work. MD&A 

contract .... """memr", 

upon of 
b. MD&A shall not be liable for and shall receive a schedule extension for 

which shall include events MD&A's reasonable control 
acts of civil war, terrorist 

acts of other of 
other labor disturbances. to ,"",,,,,,,or,:::! 

for caused Customer or its other contractors. 
c. Customer shall be entitled to terminate the contract in the event MD&A fails to commence 

reasonable cure within 30 after notice from Customer a material 
MD&A's for material default shall be limited to the additional amount Customer must 
pay a third to the work over what Customer to pay MD&A. 

The information contained in shall not be used in whole or in part other than to evaluate the 
pro,posaf DI'Oviciea: that if a contract awarded to MD&A, as a result of the submission of such Customer shall have the 

UUPI1C<lI.", use, or disclose this information to the extent in the contract. This restriction does not limit Customer's 
information contained herein if obtained from 

I 1 



j " 
! ( 

J t , ( 

I 1 





1 





1 

on. ____ _ ~ ... c.v •. '''' must 

Summary of Calculated Steady Stresses (Required) 

Structural Feature Max Max Local True Stress 
Material Yield Elastic Stress Elastic Stress 

",. 

"''''''''l:;jL. 

ksi MPa ksi MPa Yes or No ksi MPa 

Tie Wire-

Airfoil 

Blade Root 

Pills 

Disk Attachment 

* Yes is indicated if the I "'fJum,u elastic stress exceeds the material 
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o 

Blade-Disk Natural 

Nodal 

Resonant 

Tie Wire 

Airfoil 

Blade Root 

Pins 

Disk Attachment 

o 
o 
o 

stress for ND Mode Families 

Mode A ModeB 

ksi MPa ksi MPa 

L~"CCLL'''U once rotor is 
to 

to 

Mode C 

ksi MPa 

2 4 

ModeD 

ksi MPa 

I 1 
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is nrn'. IIr<£,," n,::un,'" 

1 

I 1 



is 
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a. 

c. 

e. 

f. 
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ELECTRIC POWER RESEARCH INSTITUTE 
3420 Hillview Avenue, Palo Alto, California 94304-1338' PO Box 10412, Palo Alto, California 94303-0813' USA 

800.313.3774' 650.855.2121· askepri@eprLcom·www.eprLcom 
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Steam Turbines 
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Steam Turbines 
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Steam Turbines 

was 

were 
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Steam Turbines 
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Steam Turbines 
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